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ABSTRACT 

We present 1.1 mm observations of the dust continuum emission from the MBM12 high- 
latitude molecular cloud observed with the Astronomical Thermal Emission Camera (AzTEC) 
mounted on the James Clerk Maxwell Telescope on Mauna Kea, Hawaii. We surveyed a 6.34 
deg^ centered on MBM12, making this the largest area that has ever been surveyed in this region 
with submillimeter and millimeter telescopes. Eight secure individual sources were detected 
with a signal-to-noise ratio of over 4.4. These eight AzTEC sources can be considered to be 
real astronomical objects compared to the other candidates based on calculations of the false 
detection rate. The distribution of the detected 1.1 mm sources or compact 1.1 mm peaks is 
spatially anti-correlated with that of the 100 /Ltm emission and the ^^CO emission. We detected 
the 1.1 mm dust continuum emitting sources associated with two classical T Tauri stars, LkHQ;262 
and LkHQ!264. Observations of spectral energy distributions (SEDs) indicate that LkHQ!262 is 
likely to be Class II (pre-main-sequence star), but there are also indications that it could be 
a late Class I (protostar). A flared disk and a bipolar cavity in the models of Class I sources 
lead to more complicated SEDs. From the present AzTEC observations of the MBM12 region, it 
appears that other sources detected with AzTEC are likely to be extragalactic and located behind 
MBM12. Some of these have radio counterparts and their star formation rates are derived from a 
fit of the SEDs to the photometric evolution of galaxies in which the effects of a dusty interstellar 
medium have been included. 
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1. Introduction 

The MBM12 molecular cloud was cataloged as 
L1453-L1454, L 1457, and L1 458 in Lynds'Dark 



Cloud Catalog (iLvnds 1 1196211 and is one of the 



nearby high-latitude molecular clouds ([Magnani et al, 
19851 ). Until recently, MBM12 was considered to 



be the nearest star-forming region; ho wever, its 



distance has been revised to 275 pc bv iLuhman 



(|2001l ) and at 36G±30 pc from the photometric 
and spectroscopic results of the Sloan Digital Sky 
Survey (SDS S) and the Two Micron AU Sky Sur- 
vey (2MASS: lAndersson et ahl (|2002l )). Thus, al- 
though it is still nearby, it is farther out than the 
Taurus dark clouds and Ophiuchus star-forming 
regions. 

A few young star s were reported in MBM1 2 
(|Heartv et al. I pOOOl ): iHogerheiide et al. I (|2003ll ) 
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and their presence demonstrated that star forma- 
tion had occurred recently in at le ast this par- 



ticula r high-latitude molecular cloud (jBroeg et al 
20061 ) ■ The high-latitude molecular clouds are 



known to be translucent, and the low-density en- 
vironments found in high-latitude clouds create a 
challenge for star formation by gravitational col- 
lapse. The ability of at least a few high-latitude 
clouds to form cold molecular cores and young 
stars may be due to a combination of conditions, 
including variations in the interstellar radiation 
field, changes in dust-grain size and chemistry, and 
turbulence in the interstellar medium (ISM). 

Regardless of the formation mechanisms, the 
study of high-latitude star formation environment 
continues to intrigue researchers, because it is dif- 
ficult to see how star formation in the low-density 
environments found in typical high-latitude molec- 
ular clouds can proceed via direct gravitational 
collapse. High-latitude pre-main-sequence (PMS) 
stars found in isolation could be formed by ejec- 
tion from their parent cloud or dissipation of the 
natal cloud. Dissipation timescales for these un- 
bound clouds appear to be a few Myr. It is possi- 
ble that outflows from low-mass stars that form in 
low-density environments can drive the dis sipation 
of the pa r ent c loi 
Feigelson I (|l996l )). 



of the pa r ent c loud ((Sterzik fc Durisen J (11995.) 
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In the present paper, we describe the results 
of our observations of the dust continuum emis- 
sion from MBM12 at a w avelength of 1.1 mm ob- 
served with the AzTEC (|Wilson et al. II2008I ) on 
the James Clerk Maxwell Telescope (JCMT). Dust 
continuum emission at (sub)millimeter wavelength 
can identify the star forming sites in the molecu- 
lar clouds and determine the evolutionary stages 
of young stellar objects. In Section 2, we describe 
the observations and data reduction procedure. In 
Section 3, we present information on the sources 
detected at 1.1 mm and investigate their spectral 
energy distributions (SEDs). We also describe the 
assembly of the SEDs and the procedure used to fit 
the models were assembled and how models were 
fitted to the data to determine the physical pa- 
rameters of the detected sources from present ob- 
servations. In Section 4, we summarize the results 
of our observations and analysis. 



2. Observations and Data Reduction 

Observations of MBM12 were performed in 
raster scan mode between 2005 November and 
2006 January using AzTEC mounted on the 
JCMT. The beam size was 18 arcsec, and the 
scan velocity was 120 arcsec s~^. AzTEC is a new 
bolomctric array instrument and was developed 
for the Large Millimeter Telescope at the Univer- 



sity o f Massachusetts at Amherst (jWilson et al 
20081 ). This array camera consists of 144 Si3N4 



micromesh bolometers and operates at 1.1 mm 
and 2.1 mm. In 2005, this bolometer array was 
tested by invitation at the JCMT on Mauna Kea 
in Hawaii. It is an appropriate instrument for 
surveys of Submillimeter Galaxies (SMGs) at low 
and high redshifts and searches for protostellar 
dusty cores in nearby molecular clouds. We sur- 
veyed about a 6.34 deg^ of the sky centered on 
R.A.=02h56™.0, Dec.^ig'iaO^.O in J2000. This 
is the largest area centered on MBM12 that has 
ever been surveyed using continuum instruments 
in the submillimeter and millimeter parts of the 
spectrum. The area was covered with a total of 36 
scan maps. Twenty seven scans were retrieved and 
combined, covering a total observed area of 655.35 
arcmin^. The average rms was 9.695 mJy beam~^. 
AzTEC suffered a pointing error of about 2". 
Beam maps were made from observations of 
Uranus with a mean flux density of 42.2 Jy at 1.1 
mm during the JCMT observing run. A pointing 
model was generated using CRL618, a post-AGB 
star with a mean fiux density of 2.7 Jy at 1.1 
mm. The intensity ca libration errors were esti- 
mated to be ±6%~13% (| Wilson et al. l E)08). The 
raw bolometer array observations were calibrated 
and edited in the standard AzTEC IDL software 



(|Scott et al. I (|2008l ): lAustermann et al. I (|2010t )) 



The AzTEC instrument team has constructed 
data-reduction codes in the IDL language. Using 
the AzTEC software, we cleaned and co-added 
the array observations. To remove atmospheric 
signals, we adopted the principal compone n t ana l- 
ysis (PCA) techn i que (iHever fc Schloerb I (|l997t ): 



Francis &: Wills I (|1999l )). a tool for simplifying 
several parameters to clarify their relationships. 
Given a sample of n objects with p parameters, 
Xj (j = 1,..., p), the orthogonal variables, £,i (i = 
1,..., p), can be described as: 
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(1) 



The represents the principal component, 
and the correlated and observed variables flag 



important principal components ([Brunt &: Hever 
[20021 . Hence, atmospheric signals with large spa- 
tial fluctuation show dominant principal compo- 
nents, whereas point signals such as distant galax- 
ies do not. We adapted the PCA cleaning rou- 
tine by constructing a covariance ma trix from the 
N\^r.\r^ X TVfi^o time-strean i dat a (IScott et al 

(|2010D '). 



Austermann et al. 



To provide 

an eigenvalue decomposition on the matrix, we ne- 
glected the eigenfunctions corresponding to eigen- 
yalues larger than 2 5 a as atmospheri c effec ts 



(jScott et al. I (|2008l ): lAustermann et al. I (|2010l )). 



To maximize the signal-to-noise ratio (S/N), the 
four cleaned raw data sets were co-added with the 
Wiener filter, g{q), described as 



5(9) 



J\s{q)\^/J{q)d^ 



(2) 



where s{q) is the Fourier transform of the 
beam shape from map space to spatial fre- 
quency space, q, and J{q) implies the average 
power spectral densities (PS Ds). Through filter - 



ing with the Wieri e r filte r (|Scott et al. I (|2008[ ): 



Austermann et al. ( 2010f) ') in Fourier space, the 



noise at low and high frequencie s was effectively 



attenuated ( Laurent et al. 20051) . By using the 



Wiener filter and removing the PCA components 
it allowed that rms noise per pixel was reduced, 
but the resolution of the optimally filtered map 
appeared to be the same. The peak brightness 
of point sources and compact peaks would be 
also preserved. However, after optimal filtering 
extended sources in the map will be trimmed t o 
remove areas of low coverage ( Enoch et al. I2OO7I) . 
The final image of MBM12 contains eight sources 
detected at an S/N of greater than 4.0 a (Figure 
1). The average rms noise over the entire image 
is 2.71 mJy beam"^ The catalog of the AzTEC 
mm source candidates is listed in Table 1. The 
flux values of the source candidates range from 
10±2.7 mJy to 12±2.7 mJy. 

We generated noise maps by randomly mul- 
tiplying each scan in the cleaned time stream 
data by ±1 and co- adding ( Perera et al. I ( 2008 ): 



Scott et al. ( 20081) 1. The sources were removed, 
and the random no ises were accumulat ed in the co- 
added noise map ([Austermann et al" 



2OIOI) . We 



constructed 100 noise maps by iteration. We de- 
termined the false detection rate (FDR) by ana- 
lyzing the noise properties of these maps by count- 
ing signals detected with a flux over a threshold 
in each noi se map and then estimating the average 
detections (jPerera et a l. 2008). The FDR was de- 
fined as the source detections divided by the aver- 
age false detections. The FDR at each threshold is 
shown in Figure 1. At over 3.0 a, 312 sources were 
detected, and the FDR was 319±66. However, at 
over 4.4 cr, eight sources were detected, and the 
FDR value was smaller than 1. Therefore, these 
eight AzTEC sources are more likely to be real 
astronomical objects than the others. The results 
from the calculations of the FDR are summarized 
in Table 1. 

3. Results and Discussion 

3.1. Distribution of the AzTEC 1.1 mm 
Dust Continuum Sources 

Figure 2 presents the 1.1 mm dust continuum- 
emitting AzTEC sources from the present AzTEC 
MBM12 survey. The ^200(1-0) contours from 
the AT&T Bell Lab, 7-m radio telescope survey 
of MBM12 (jPound et al. Ill99d ) are shown over- 
laid on the IRAS 100 /xm emission in Figure 3. 
It is clear from the figure that the ^^CO contours 
are spatially correlated with the 100 /im emission. 
The AzTEC 1.1 mm dust continuum sources ap- 
pear to be spatially anti-correlated with the most 
intense ^^CO-emitting region and, thus, with the 
more intense 100 /xm IRAS regions in the cloud. 
The lack of AzTEC mm sources and compact 
peaks in the bright 100 fim emitting cores suggests 
that our AzTEC sources detected with the 1.1 mm 
bolomoter camera traces a colder dust component 
in the region and the extragalactic sources. Fig- 
ure 4 shows the 1.1 mm dust continuum AzTEC 
sources overlaid on the images of the 100 /im emis- 
sion. The anti-correlation between the AzTEC 
dust continuum sources and the peaks of 100 /im 
IRAS and ^^CO(1~0) emission is clear from the 
figure. 
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Table 1 

The Calculated FDR of the AzTEC Sources in the MBM12 Regions. 



Area 


Signal 


Average Noise rms 


FDR 




(> 5a) 


(Jy bearn"^) 




Al 


1 


0.009 


0.18±0.10 


A2 


2 


0.007 


0.19±0.81 


A3 





0.007 





A4 


2 


0.011 


0.36±0.09 


A9 


1 


0.013 


0.64±0.54 



Table 2 

Observed AzTEC Sources in the MBM12 Region. 



Source 




R.A. (J2000) 


Dec. (J2000) 


Flux (mJy beam ^) 


S/N 


All 


J0225+1904 


02:55:17.3 


19:04:48 


45.6± 3.6 


5.2 


A2i 


J0256+2005 (LkHa262) 


02:56:37.5 


20:05:36 


87.8± 7.0 


12.6 


A22 


J0256+2003 (LkHa264) 


02:56:07.7 


20:03:24 


44.9± 3.6 


6.3 


A3i 


J0258+2030 


02:58:07.3 


20:30:00 


29. 6± 2.4 


4.4 


A4i 


J0259+1925 


02:59:29.5 


19:25:42 


234.3±18.7 


22.7 


A42 


J0258+1953 


02:58:41.3 


19:53:18 


50.7± 4.0 


5.0 


A9i 


J0253+1805 


02:53:34.8 


18:05:42 


298.5±23.9 


11.4 


A92 


J0257+1847 


02:57:45.6 


18:47:06 


53.6± 4.2 


4.4 


NOTE.- 


— Units of R.A. are in hours, minutes, and seconds. Units 


of Dec. are in degrees. 


arcmin- 



utes, and arcseconds. The positional uncertainties of sources are likely to be an order of 1" in R.A. 
and Dec. 
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AzTEC_MBM12; False Detection Rote 




Fig. 1. — FDR at each threshold of 3(T~5cr, each 
step corresponds to 0.5a. 

(A color version of this figure is available in the 
online journal.) 




a'SB" 2^6" 2^4" 

Right Ascension <J2000) 



2^2" 





Fig. 3.— i^CO contours from Pound et al. (1990) 
are overlaid on the IRAS 100 /zm image of the 
MBM12. 



I 




Right Ascension (J2000) 



Fig. 2.— Eight AzTEC sources listed in Table 2 
detected in the five regions covering the MBM12 
high-latitude cloud. 



Fig. 4.— Eight AzTEC sources hsted in Table 2 
overlaid on the IRAS 100 /Ltm image. 
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3.2. Properties of the AzTEC Sources in 
the MBM12 

We present eight AzTEC miUimeter sources in 
Figure 2. These sources are overlaid on the IRAS 
100 /Ltm image in Figure 3. The catalog of de- 
tected sources is presented in Table 2. The sources 
in the catalog were detected with an S/N of over 
4.4(7. Each point source is indicated on the co- 
added map of the MBM 12 region. The size of the 
circle in the box is 18 arcsec which is the beam 
size of the AzTEC observations for the present 
survey. To identify the nature of these sources 
and their properties, we examined their SEDs. 
The intrinsic flux densities of the detected AzTEC 
sources were used fo r the analysis of their SEDs 
20081 ). Among the eight AzTEC 



( Perera et al. 



sources, two sources (A2i, A22) in Table 1 cor- 
respond to known T Tauri stars, LkHa 262 and 
LkHa 26 4 with strong Ha em i ssion and Li I a b- 



sorption (jHeartv et al. I (|2000t ): iLuhman I (|200ll )). 



Studies of seven T Tauri stars in this region were 
conducted previously (Table 3). 

3.2.1. AzTEC Sources with Lower FDR 

J0256+2005 (A2i) and J0256+2003 (A22): 
we detected 1.1 mm dust continuum emitting 
sources associated with LkHa 262 (J0256-f 2005) 
an d LkHa 264 (J0256+2003 ). Previous studies 
by iHogerheiide et al.~l (|2003l ) reported observing 
continuum emission from the disks around the 
classical T Tauri stars, LkHa 262, LkHa 263, 
and LkHa 264 at 450 /xm and 850 /xm with 
Submillimeter Common User Bolometer Array 
(SCUBA). These two stars, LkHa 262 and LkHa 
264, emitting submillimeter a nd millimeter radia- 
tion, were repo rt ed as Class H (iHeartv et al. I1999I: 
LuhmanbOOlt iHogerheijde et al. hOOA The 
SEDs in Figure 5 indicate that LkHa 262 is 
likely to be Class H, but there are also indica- 
tions that this source might be a late Class I 
(|Andre et al. Il993l: IWhitnev et al. b003l) instead. 
The flux flattens towards the longer wavelengths, 
a phenomenon that can be seen in the late Class 
L To provide a reasonable fit to the flux densities 
between 3.6 and 8.0 /xm for the SED of LkHa 
262, we used a on e dimensional radia tive transfer 
model of DUSTY (jlvezic et al. Ill999[ ). The phys- 



ical properties of the central source and the dusty 
envelope were derived from the modeling. The flux 



densities from the central source were absorbed by 
the dusty envelope and re-emitted to longer wave- 
lengths. A dusty disk was considered in order to 
fit 24 /im and 70 /im wavelengths, since it was 
difficult to fit the flux densities using the stellar 
component. A power law density distribution for 
the envelope was also tested for emission from the 
disk model. The estimated mass of the envelope 
was consistent with the mass of the envelope de- 
termined from 1.1 mm continuum by fixing most 
of free parameters. The mass of the envelope was 
determined from the fiux density 5* at 1.1 mm, the 
Planck function at temperature T, and the dust 
opacity k. The dust opaci ties used in this analy- 



sis we re from 0H5 dust in lOssenkopf fc Henning 
(|1994l ). The estimated mass was about 0.04 Mq 



in the 15-20 K temperature range. Our detections 
might suggest that at least the disks of the classical 
T Tauri stars in MBM12 (1-5 Myr) have a mass 
range similar to the mass range of the disks of the 
younger (~1 Myr) T aurus and p Ophiuchus re- 
gions (0.001-0.3 Mr^: [Andrews fc Wilhams 12007 



WiUiams fc CiezabOllI ). iLuhmanI (|200l[ ) argued 
that the near-IR K- and L- band excesses indi- 
cated that significant disk dispersal had occurred 
in MBM12. 

3.2.2. AzTEC Sources with Higher FDR 

RXJ0255. 4+2005: this object was classified 
as a weak-line T Tauri star (WT TS). Its spec 
tral ty pe was labeled as K6 by iHeartv et al 



2000 



m . Tgg- was reporte d as 4205 K bvlLuhman 



19991) and 4275 K by 



Hogerheijde et al. I (|2002l ) 



Heartv et al. 



(|2000bl ). 
calculated the disk 
mass and diameter using the Owens Valley Ra- 
dio Observatory (OVRO) to observe the A=3 mm 
continuum. The results were reported as 0.04 Mq 
and 52 AU, respectively. These values were based 
on a distance of 275 pc and a gas-to-dust ratio 
of 100. The disk mass could be 0.023 Mq at the 
distance of 360 2£.- There were also studies b 



Heartv et afl (|2000b[) and iHerbst et all (fm 



for the line widths of Ha from th e source. The 
emission line widths were —1.26 A ([Hearty et al. 
2000bl) and -1.1 A (iHerbst et al. I l2004l) . The 
flux of this object vari es, and the per i od wa s re- 



ported as 6.22 da ys bvlHerbst et al. I (|2004l ) and 



3.36±0.17 days bv lBroeg et al.l (|2006h . 



E02553+2018: this object appears on the bor- 
der between a classical and a WTTS. The emission 
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Fig. 5. — SEDs of two AzTEC sources corresponding to the candidates of protostars, J0256+2005 (Left) 
and J0256+2003 (Right). 

(A color vertion of this figure is available in the online journal.) 




out dust 

\ ^ diffuse dust — — — 

\ ^ dust in GMCs 

stors\witli extinction 



10^ 10^ 10* 



10' 



10' 



10^ 



10" 



10"* 



_ J0258+2030 




1 



totol 

witfiout dust 

diffuse dust — — — 

dust in GMCs 

stars Svith extinction 



10' 



10^ 
bg X(^m) 





10* 


_ J0253+1805 




2 MASS <> - 
RAC A . 
RAS □ 




10^ 






MIPS X - 










AzTEC • . 




10° 






VLA •* 


GO 




\\ 




cn 
O 












:// 


\ \ ^ ^ 






10"^ 




\'\^ 


total - 








^ witliout 
diffuse 
dust in 


dust 








dust 








GMCs 




10-* 


1 1 / 


stars with extinction 






/'. n.i 1 '.ii<,-.. 







10° 10' 10^ 10^ 10* 10^ 10*^ 

bg X(/xm) 




10° 10' 10^ 10^ 10* 10= 10^ 

bg X(/xm) 
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galaxies, J0225+1904 (Top Left), J0258+2030 (Top Right), J0253+1805 (Bottom Left), and J0257+1847 
(Bottom Right). 
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line w idth of Ha is ab out —1.6 A (iHeartv et al 
2000bh and -2.5 A ("Herbst et al I l2004l) . Its 



spectral type i s K3 ([F leming et al. 19891 ) or K4 



(|Heartv et al. I l2000b^ . The effective tempera- 
tu re, Tgg, of this o bject is 4660 K, as calculated 
bvlLuhman I (Il999l) and 4593 K bylHeartv et al"" * 



(|2000bD . iHogerheiide et al. I (|2002[ ) obtained a 



disk mass of 0.07 Mq and a diameter of 66 AU. 
The flux was measured as 11 mJy with OVRO. 
The disk mass could be 0.04 Mq at the distance 
of 360 pc. This object has an additional compo- 
nent of ^LSR"""'^'"' kms^^. 

RXJ0258. 3+1947: this object was classified as 
a classical T Tauri star ( CTTS). Its spectral t ype 



was determined as M5 ( Hearty et al. I l2000bl ) or 



M4.5 (|Luhman 1120011) . The effect iye tempe r ature , 



TgQ-, was calculated as 3198 K by Luhman ( 1999[ ) 
and 3169 K by Hearty et al. I(|2000b[ ). The flux at 
3 mm was 5 mJy, and the disk mass was 0.05 Mq. 
The disk mass could be 0.03 Mq at the distance of 
360 pc. Its diameter was 58 AU, from OVRO ob- 
seryations, and JCMT obseryations yield ed a mass 
of 8 X IO-^Mq (|Hogerheiide et al. Il2002 h. Its fiux 
varies, and the perio d was reported as 1.205 days 



([Herbst et al. 1 120041 ) . This was confirmed with 
repo rts of an Ha e mission line width of —24.5 A 
fromlHearty et al. I (l2000b) and -25 34 A from 



Herbst et al. 



(|2004D . 

RXJ0256. 3+2005: this object was classified as 
a WTTS and is the latest spectral type in the 
field of M BM12. Its spect ral type was designated 



as M 5. 75 (iLuhman 1120011) and M6 (jHerbst et al 



20041 ). iLuhman I (| l999h calculated that the effec 
five temperature, Tgg:, was 3024 K. The mass 
was between 0.15 and 0.1 Mq ( Meeus et al. I 
2009 ). Its Ha emission line width was -13.5 A 



( Herbst et al. 1120041 ). 



3.3. Properties of the AzTEC Sources be- 
hind the MBM12 

From the present AzTEC observations of the 
MBM12 region, we find that other detected 
sources are likely to be located behind MBM12. 
Four AzTEC objects, defined as J0258+2030 
(A3i), J0259+1925 (A4i), J0253+1805 (A9i), 
and J0257+1847 (A92), were previously stud- 
ied in the 1.4 GHz NRA O VLA survey for th e 



sky of (5 > -40° in J2000 (jCondon et al. Ill998^ 



J0259-I-1925 (A4i) is known as quasi-stellar ob- 
ject (QSO) at a redshift of z = 0.54. The fiux 



density of this object at 1.4 GHz was 169.9 
mJy. Three AzTEC sources, J0258-h2030 (A3i), 
J0253-hl805 (A9i), and J0257-H 847 (A 9^) have 
radio counterparts observed by ICondon et al. I 
(|l998l ) with the VLA at 1.4 GHz. The coun- 
terpart corresponding to J0259-I-1925 (A4i) was 
also classified as J025929+1925.7 (IREX) in 
the ra dio-emitting X-ray sources (REXs) sur- 



vey by ICaccianiga et al. ( 2000h . Its X-ray fiux 



was reported as 2.34 x 10 '^ergs cm . The 
NRAO VLA Sky Survey (NVSS) position of 
this source suggests that this object should be 
a = 02^59^29^.65, 5 = +19°25'44".9 (J2000) at 
radio wavelengths. From the present AzTEC ob- 
servations, the position of J0259-I-1925 was mea- 
sured as a = 02^59^29^5, 5 = +19°25'42" at 
millimeter wavelengths. So the difference between 
the radio and millimeter emission is Aa = 0^.15 
and A(5 = 2". 9. The flux at 1.1mm, measured 
with AzTEC was also measured as 234.3 mJy 
beani^^. The AzTEC source A9i corresponds to 
J0253+1805 (J2 000) in the NRAO V LA sky sur- 



vey at 1.4 GHz ( ICondon et"anil998[ ). The coor 



dinate of J0253-I-1805 (A9i) was reported as a 
02^53™34^88 and 5 = +18°05'42".53 (J2000) us- 
ing the VLA observations. This position agrees 
with the identification by the Automated Plate 
Measurement (APM) Facility at Cambridge of the 
radio sources from the Jodrell Bank VLA A stro- 
metric Survey (JVAS) (ISnellen et al. II2002I ). We 
also compared the fluxes at 6 mm (Green Bank), 
NVSS 1.4 GHz (NRAO VLA Sky Survey), Green 
Bank 1.4 GHz, and VLA 1.4 GHz. Their results 
were respectively, 248, 304, 426, and 154 mJy. 
The millimeter-wavelength flux from this study 
was 298.5 mJy beam"! at 1.1 mm. The AzTEC 
source detected as J0257-I-1847 (A92) has its coun- 
terpart in the radio sourc e in th e NRAO VLA sky 
survey by ICondon et al. ] (Il998l) . This source was 



also included in the Very Long Baseline Array 
(VLBA) Calibrator Survey (VCSl) at 2.3 and 8.4 
GHz (.Beaslev et al. Il2002t ). Is^ellen et al. I (|2002h 
also obtained the flux densities of this object at 
6 mm (Green Bank), 1.4 GHz (NVSS), 1.4 GHz 
(Green Bank), and 1.4 GHz (VLA), which were 
209, 103, 180, and 241 mJy, respectively. Syn- 
chrotron properties and their spectral indices of 
these objects will be discussed in detail in a fu- 
ture paper (S. Kim et al., in preparation). The 
coordinates of the AzTEC source agrees to within 
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Table 3 

Previously Observed T Tauri Stars in the MBM12 



star 


R.A. (J2000) 


Dec. (J2000) 


Rcf. 


RXJ0255.4+2005 


02:55:25.7 


20:04:53 


6 


LkHa 262 


02:56:07.9 


20:03:25 


1,2 


LkHa 263 


02:56:08.4 


20:03:39 


1,2 


LkHa 264 


02:56:37.5 


20:05:38 


1,2,3,4 


E02553+2018 


02:58:11.2 


20:30:04 


2,5 


RXJ0258.3+1947 


02:58:15.9 


19:47:17 


6 


RXJ0256.3+2005 


02:56:17.9 


20:06:10 


6 



Note. — Units of R.A. are in hours, minutes, and seconds. 
Units of Dec. are in degrees, arcminutes, and arcseconds. 



References. — (1) Herbig & Bell (1988); (2) Fernandez et al. 
(1995); (3) Magnani et al. (1995); (4) Gameiro et al. (1993); 
(5) Caillault et al. (1995); (6) Hearty et al. (2000) 



a = 02^57'^45^6, 6 = +18°47'06" (J2000). The 
flux at 1.1 mm is 53.6 mJy beam~^. The fluxes at 
other wavelengths were compared in the SEDs pre- 
sented in Figure 6. Although two AzTEC sources, 
J0225+1904 (All) and J0258+1953 (A42), do not 
have counterparts at other w avelengths, we also 



performed a stacking analysis (jScott et al. 1120081 ) 



on these AzTEC detections to calculate upper 
limit of the fluxes at the near-i nfrared images (Ta- 



ble 4). The GRASIL model (jSilva et al. I I1998D 



computes the photometric evolution of galaxies 
based on the SEDs of the AzTEC sources, in- 
cluding the effects of a dusty interstellar medium. 
The model includes the escape time of young stars 
from molecular clouds, the fraction of residual 
gas in molecular clouds, the radius of molecu- 
lar clouds, etc. The star formation rate (SFR) 
could b e also derived by fitting the SEDs to the 
model (|Kim et al. I l2010h . The results suggest 
that J0258-F2030 (A3i), J0253-H1805 (A9i), and 
J0257-f 1847 (A92) can have SFRs of 3.6 x 10^ 
Mq yr~i, 3.3 x 10"^ M© yr~^, and 2.9 x 10^ M© 
yr"-"^, respectively. The SFRs are similar to those 
studied in 16 radio galaxies with AzTEC coun- 
terparts in the far-IR and a gray-body emission 
template with an emissivity index, /3, an d a dust 
temperature, Td (jHumphrev et al. I I2OIII) . 



4. Summary and Conclusion 

We presented observations of the dust contin- 
uum emission at 1.1 mm from MBM12 performed 
with AzTEC at the JCMT. We surveyed about 
6.34 deg^ field of sky. This is the largest area that 
has ever been surveyed for the MBM12 region with 
a (sub)-millimeter telescope. The distribution of 
1.1 mm AzTEC sources is spatially anti-correlated 
with that of the 100 fj,m emission and that of the 
^^CO emission. We detected 312 sources with an 
S/N of over 3 a. The FDR was 319±66. Eight 
sources were detected and their FDR value was 
smaller than 1. These eight AzTEC sources can 
be considered to be real astronomical objects as 
opposed to spurious detections. We detected 1.1 
mm sources associated with two classical T Tauri 
stars, LkHa262 and LkHQ;264. Observations of 
their SEDs indicate that LkHQ!262 is likely to be 
Class II but may be a late Class I. A flared disk 
and a bipolar cavity in models of Class I sources 
lead to more complicated SEDs. Our detections 
suggest that at least the classical T Tauri stars in 
MBM12 have disks in a similar mass range with 
the disks of stars in the Taurus or p Ophiuchus 
regions. From the present AzTEC observations of 
the MBM12 region, we find that some of the other 
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Table 4 

Fluxes at Other Wavelengths for the Detected AzTEC Sources 



source 


2MASS J(1.25Atm) 


2MASS H(1.65Atm) 


2MASS K(2.17/im) 




z 


Ref. 




(mJy) 


(mJy) 


(mJy) 


(mJy) 






J0255+1904 


(<) 6.05±0.097 


(<) 18.0±0.306 


(<) 21.3±0.341 








J0256+2005 


129.0±2.064 


175.0±2.975 


183.0±1.994 






1,2,6,8 


J0256+2003 


49.0±0.784 


78.5±1.335 


94.6±1.031 






1,5,6,7 


J0258+2030 


0.663±0.097 


1.04±0.067 


1.62±0.08 


98.1±3.0 




2,3 


J0259+1925 


(<) 6.05±0.097 


(<) 18.0±0.306 


(<) 21.3±0.341 


163.7±4.9 


0.54 


2,9 


J0258+1953 


(<) 6.05±0.097 


(<) 18.0±0.306 


(<) 21.3±0.341 


98.1±3.0 






J0253+1805 


(<) 6.05±0.097 


(<) 18.0±0.306 


(<) 21.3±0.341 


304.0±9.1 


0.427 


2,4,10 


J0257+1847 


(<) 6.05±0.097 


(<) 18.0±0.306 


(<) 21.3±0.341 


103.7±3.1 




2,3,4,11 



References. (1) Cutri ct al. (2003); (2) Condon et al. (1998); (3) Gregory at al. (1996); (4) Snellen et al. 
(2002); (5) Herbig et al. (1988); (6) Fernandez et al. (1995); (7) Magnani et al. (1995); (8) Gameiro et al. (1993); 
(9) Caccianiga et al. (2000); (10) Ma et al. (1998); (11) Beasley et al. (2002) 



detected sources are likely to be located behind 
MB Ml 2 molecular cloud. These have radio coun- 
terparts, and their SFRs were derived from fits of 
their SEDs to the photometric evolution of galax- 
ies when the effects of a dusty interstellar medium 
were included. These SFRs ranged from a few 
hundred to a few thousand Mq yr~^. Direct mea- 
surements of their red-shifts should be performed 
with the Large Millimeter Telescope in the near 
future. 
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